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DETAILED ACTION 
Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-3, 29 and 30 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Funai et al. (U.S. 6,162,667) in view of Ghandhi et al. (VLSI 
Fabrication Principles). 

In reference to claim 1, Funai et al. (Figs.19A-19E) teach a method of forming a 
semiconductor device including the steps of forming a semiconductor film (1302) over a 
substrate (1300); first cleaning a surface of the semiconductor film by using a first 
solution (column 44, lines 58 - 67 and column 45, lines 40 - 48); applying a laser beam 
to the cleaned surface of said semiconductor film (1302) to increase crystalinity of the 
semiconductor film (1302) (column 45, lines 40 - 48); patterning the semiconductor film 
(1302); and forming a gate insulating film (1306) on a surface of the patterned 
semiconductor film (1 302i) (column 44, line 50 - column 46, line 49). 

Funai et al. fail to teach second cleaning a surface of the semiconductor film by 
using a second solution after applying the laser beam; and'patterning the 
semiconductor film after the second cleaning. However, Ghandhi et al. teach that is 
common practice in the art to clean the semiconductor wafer after each step during the 
fabrication of semiconductor device in order to avoid operation error (Ghandhi et al., 
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page 517 - page 520). Therefore, it would have been obvious to one of ordinary skill in 
the art at the time the invention was made to combine the teachings of Funai et al. and 
Ghandhi et al. to enable performing a cleaning step after each step in the process of 
Funai et al. as taught by Ghandhi et al. 

In reference to claim 2, the combined teachings of Funai et al. and Ghandhi et al. 
teach wherein said first cleaning solution comprises HF aqueous solution of an aqueous 
solution containing HF and H2O2 (Funai et al. column 44, lines 58 - 67 and Ghandhi et 
al., page 517 - page 520). 

In reference to claim 3, the combined teachings of Funai et al. and Ghandhi et al. 
substantially teach all aspects of the invention including wherein said laser has an 
energy density of 200 to 400 mJ/cm 2 (Funai et al., column 45, lines 39 - 47), but fail to 
disclose wherein said laser beam has an energy density of 100 to 500 mJ/cm 2 . 
However, in the case where the claimed ranges "overlap or lie inside ranges disclosed 
by the prior art" a prima facie case of obviousness exists. MPEP 2144.05. Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to use the laser energy range disclosed in the combined teachings of Funai et al. 
and Ghandhi et al. to arrive at the claimed invention. 

In reference to claims 29 and 30, the combined teachings of Funai et al. and 
Ghandhi et al. teach wherein the cleaning solutions are either different or the same 
(Funai et al. column 44, lines 58-67 and Ghandhi et al., page 517 -page 520). 
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3. Claims 4-6, 10-12 and 16-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Funai et al. (U.S. 6,162,667) in view of Ramesh et al. (U.S. 
4,795,679). 

In reference to claims 4, 10 and 16, Funai et al. (Figs.19A-19E) teach a method 
of forming a semiconductor device including the steps of forming a semiconductor film 

(1302) over a substrate (1300); cleaning a surface of the semiconductor film (1302) by 
using a cleaning solution (column 44, lines 58 - 67 and column 45, lines 40 - 48); 
preheating the cleaned surface of said semiconductor film to form a capping oxide film 

(1303) ; applying a heating step to said semiconductor film (1302) to crystallize said film; 
removing said oxide film (1 303); applying a laser beam to said semiconductor film 
(1302) to increase crystalinity of the semiconductor film (1302); and patterning the 
semiconductor film (1302) after applying the laser beam (column 44, line 50 - column 
46, line 49). Furthermore, Funai et al. teach applying a laser beam through an oxide 
layer to improve crystalinity after patterning said semiconductor film (1302) (column 46, 
lines 39 - 49). 

Still Funai et al. fail to teach applying a laser beam to said semiconductor film 
through an oxide layer to improve crystalinity. However, Ramesh et al. teach a method 
of forming a semiconductor device, including forming a semiconductor film on a 
substrate; forming a dielectric capping layer on top of said semiconductor film; and 
annealing said semiconductor film by laser beam to said semiconductor film through 
said dielectric capping layer, wherein said capping layer acts to prevent agglomeration 
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of semiconductor during crystallization and to prevent contamination of the 
semiconductor during crystallization (column 1, lines 17-54). 

It would have been obvious to one of ordinary skill in the art to combine the 
teachings of Funai et al. and Ramesh to enable providing a dielectric capping layer as 
taught by Funai et al. during the laser annealing in Funai et al. since, as taught by 
Ramesh et al., it would prevent agglomeration of semiconductor during crystallization 
and to prevent contamination of the semiconductor during crystallization (Ramesh et al., 
column 1, lines 17-54). 

In reference to claims 5, 1 1 and 17, the combined teachings of Funai et al. and 
Ramesh et al. teach wherein said cleaning solution comprises HF aqueous solution of 
an aqueous solution containing HF and H2O2 (Funai et al. column 44, lines 58 - 67). 

In reference to claims 6, 12 and 18, the combined teachings of Funai et al. and 
Ramesh et al. substantially teach all aspects of the invention including wherein said 
laser has an energy density of 200 to 400 mJ/cm 2 (Funai et al., column 45, lines 39 - 
47), but fail to disclose wherein said laser beam has an energy density of 100 to 500 
mJ/cm 2 However, in the case where the claimed ranges "overlap or lie inside ranges 
disclosed by the prior art" a prima facie case of obviousness exists. MPEP 2144.05. 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the laser energy range disclosed in the combined teachings 
of Funai et al. and Ramesh et al. to arrive at the claimed invention. 
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4. Claims 7-9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Funai etal. (U.S. 6,162,667) in view of Yoneda (U.S. 5,648,282) and Ramesh et al. 
(U.S. 4,795,679). 

■ 

Funai et al. (Figs.19A-D) in a related method to form a crystalline semiconductor 
film structure teach forming an amorphous silicon film (1302) over a substrate (1301, 
1300); cleaning a surface of the silicon film (1302) by using HF aqueous solution; 
preheating said silicon film (1302) to form an oxide film (1303); applying a first heat 
treatment to the silicon film (1302) having said oxide film (1303) formed thereon thus 
forming a crystallizing said silicon film; cleaning the surface of the crystallized silicon 
film; and applying second heat treatment consisting of a laser beam to said 
semiconductor film to improve the crystalinity of the semiconductor film (1302a), said 
laser beam in an inert atmosphere applied at an energy density of 200 to 400 mJ/cm 2 
(column 44, line 41 - column 45, line 48). Furthermore, Funai et al. teach forming an 
oxide layer (1306) over the crystallized silicon film; implanting dopants through the oxide 
layer (1306) into the crystallized silicon film, wherein said implantation deteriorates the 
crystalinity of said silicon film; and performing a third heat treatment consisting of a laser 
beam (1312) in an inert atmosphere to said deteriorated silicon film through said oxide 
layer (1306) to activate implanted dopants and to improve the crystalinity of said 
deteriorated silicon film at an energy of 200 to 250 mJ/cm 2 (column 45, line 57 - column 
46, line 49). 

Funai et al. fail to teach preheating said semiconductor film in an atmosphere 
containing oxygen and nitrogen. However, Yoneda (Fig.1 A) in a related method to form 
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an oxide layer teaches heating a semiconductor substrate (101) in an atmosphere 
containing oxygen and nitrogen environment to form and oxide film over a region (110) 
in the semiconductor substrate (1 01 ) (column 1 1 , line 53 - column 1 2, line 5). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 
invention was made to perform the heating process in an oxygen and nitrogen 
atmosphere as taught by Yoneda in the crystalline semiconductor film process of Funai 
et al., since this would result in the formation of an oxide layer in a purged environment 
(column 11, line 53 - column 12, line 5). 

Still, the combined teachings of Funai et al. and Yoneda fail to teach wherein 
said laser beam has an energy density of 100 to 500 mJ/cm 2 . However, in the case 
where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a 
prima facie case of obviousness exists. MPEP 2144.05. Therefore, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made to use the 
laser energy range disclosed in the combined teachings of Funai et al. and Hoga to 

r 

arrive at the claimed invention. 

Furtherstill, the combined teachings of Funai et al. and Yoneda fail to teach 
applying a laser beam to said semiconductor film through an oxide layer to improve 
crystalinity. However, Ramesh et al. teach a method of forming a semiconductor 
device, including forming a semiconductor film on a substrate; forming a dielectric 
capping layer on top of said semiconductor film; and annealing said semiconductor film 
by laser beam to said semiconductor film through said dielectric capping layer, wherein 
said capping layer acts to prevent agglomeration of semiconductor during crystallization 
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and to prevent contamination of the semiconductor during crystallization (column 1, 
lines 17-54). 

It would have been obvious to one of ordinary skill in the art to combine the 
teachings of Funai et al. and Yoneda with Ramesh et al. to enable providing a dielectric 
capping layer as taught by Funai et al. and Yoneda during the laser annealing in Funai 
et al. and Hoga since it would prevent agglomeration of semiconductor during 
crystallization and to prevent contamination of the semiconductor during crystallization 
(Ramesh etal., column 1, lines 17-54). 

5. Claims 19-26 and 35-39 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Funai et al. (U.S. 6,162,667) in view of Ramesh et al. (U.S. 
4,795,679), Ghandhi et al. (VLSI Fabrication Principles) and Asai et al. (U.S. 
5,365,875). 

In reference to claims 19, 20, 23 and 24, Funai et al. (Figs.19A-19E) teach a 
method of forming a semiconductor device including the steps of forming a 

semiconductor film (1302) over a substrate (1300); cleaning a surface of the 

■> 

semiconductor film (1302) by a cleaning solution that includes HF (column 44, lines 58 - 
67 and column 45, lines 40 - 48); preheating the cleaned surface of said semiconductor 
film to form a capping oxide film (1303); applying a heating step to said semiconductor 
film (1302) to crystallize said film; removing said oxide film (1303); applying a laser 
beam to said semiconductor film (1302) to increase crystalinity of the semiconductor 
film (1302); and patterning the semiconductor film (1302) after applying the laser beam 
(column 44, line 50 - column 46, line 49). Furthermore, Funai et al. teach applying a 
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laser beam through an oxide layer to improve crystalinity after patterning said 
semiconductor film (1 302) (column 46, lines 39 - 49). 

Still Funai et al. fail to teach applying a laser beam to said semiconductor film 
through an oxide layer to improve crystalinity. However, Ramesh et al. teach a method 
of forming a semiconductor device, including forming a semiconductor film on a 
substrate; forming a dielectric capping layer on top of said semiconductor film; and 
annealing said semiconductor film by laser beam to said semiconductor film through 
said dielectric capping layer, wherein said capping layer acts to prevent agglomeration 
of semiconductor during crystallization and to prevent contamination of the 
semiconductor during crystallization (column 1, lines 17-54). 

It would have been obvious to one of ordinary skill in the art to combine the 
teachings of Funai et al. and Ramesh to enable providing a dielectric capping layer as 
taught by Funai et al. during the laser annealing in Funai et al. since, as taught by 
Ramesh et al., it would prevent agglomeration of semiconductor during crystallization 
and to prevent contamination of the semiconductor during crystallization (Ramesh et al., 
column 1, lines 17-54). 

The combined teachings Funai et al. and Ramesh et al. fail to teach second 
cleaning a surface of the semiconductor film by using a second solution after applying 
the laser beam; and patterning the semiconductor film after the second cleaning. 
However, Ghandhi et al. teach that is common practice in the art to clean the 
semiconductor wafer after each step during the fabrication of semiconductor device in 
order to avoid operation error (Ghandhi et al., page 517 - page 520). Therefore, it would 
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have been obvious to one of ordinary skill in the art at the time the invention was made 
to combine the teachings of Funai et al. and Ramesh et al. with Ghandhi et al. to enable 
performing a cleaning step after each step in the process of Funai et al. and Ramesh et 
al. as taught by Ghandhi et al. 

Still, the combined teachings of Funai et al., Ramesh et al. and Ghandhi et al. fail 
to teach performing the laser annealing in air. However, Asai et al. (Figs.2a-2d) in a 
related method to form a crystalline semiconductor film teach applying a laser beam to a 
semiconductor layer (2) forming a crystalline semiconductor layer (2') in air (column 10, 
line 20 - column 1 1 , line 3). It would have been within the scope of one of ordinary skill 
in the art to combine the teachings of Funai et al., Ramesh et al. and Ghandhi with the 
teachings of Asai et al. to enable the annealing step of Funai et al., Ramesh et al. and 
Ghandhi et al. to be performed according to the teachings of Asai et al. because one of 
ordinary skill in the art at the time the invention was made would have been motivated 
to look to alternative suitable methods of performing the disclosed annealing step of 
Funai et al., Ramesh et al. and Ghandhi et al. and art recognized suitability for an 
intended purpose has been recognized to be motivation to combine. MPEP 2144.07. 

In reference to claims 21, 22, 25 and 26, the combined teachings of Funai et al., 
Ramesh et al., Ghandhi et al. and Asai et al. substantially teach all aspects of the 
invention including wherein said laser has an energy density of 200 to 400 mJ/cm 2 and 
said oxide layer can have a thickness of 10-20A (Funai et al., column 45, lines 1 - 2 and 
lines 39 - 47), but fail to disclose wherein said laser beam has an energy density of 100 
to 500 mJ/cm 2 and said oxide film has a thickness of 20-40A. However, in the case 
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where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a 
prima facie case of obviousness exists. MPEP 2144.05. Therefore, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made to use the 
laser energy range and the thickness range disclosed in the combined teachings of 
Funai et al. and Ramesh et al. to arrive at the claimed invention. 

In reference to claims 36-39, the combined teachings of Funai et al., Ramesh et 
al., Ghandhi et al. and Asai et al. teach wherein the cleaning solutions are either 
different or the same (Funai et al. column 44, lines 58 - 67 and Ghandhi et al., page 
51 7 -page 520). 

6. Claim 27 rejected under 35 U.S.C. 103(a) as being unpatentable over Funai et al. 
(U.S. 6,162,667) in view of Ghandhi et al. (VLSI Fabrication Principles) as applied to 
claims 1-3, 29 and 30 above, and further in view of Hoga (U.S. 4,552,595). 

The combined teachings of Funai et al. and Ghandhi et al. substantially teach all 
aspects of the invention but fail to disclose wherein the laser beam comprises doing so 
in a nitrogen atmosphere. However, Hoga (Figs.2A-2B) in a related method to form a 
crystalline semiconductor structure teaches providing a silicon substrate (11); implanting 
ions into said substrate (1 1 ), thus forming an amorphous silicon layer (12); forming a 
second amorphous silicon layer (13); and performing a heating process by applying a 
laser in a nitrogen atmosphere to form a crystalline semiconductor film (14) (column 2, 
lines 53 - 61 ). It would have been obvious to combine the teachings of Funai et al. and 
Ghandhi et al. with Hoga to enable performing the heating processes of Funai et al. 
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using the laser anneal process as taught by Hoga, since this would result in the 
formation of a polycrystalline region in an inert atmosphere (column 2, lines 53-61) 
with reduced impurities. It would also have been obvious to one of ordinary skill in the 
art at the time the invention was made to enable performing all of the heating process 
disclosed in the combined teachings of Funai et al., Ghandhi et al. and Hoga to arrive at 
the claimed invention. 

7. Claim 28 rejected under 35 U.S.C. 103(a) as being unpatentable over Funai et al. 
(U.S. 6,162,667) in view of Ghandhi et al. (VLSI Fabrication Principles) as applied to 
claims 1-3, 29 and 30 above, and further in view of Asai et al. (U.S. 5,365,875). 

The combined teachings of Funai et al. and Ghandhi et al. fail to teach 
performing the laser annealing in air. However, Asai et al. (Figs.2a-2d) in a related 
method to form a crystalline semiconductor film teach applying a laser beam to a 
semiconductor layer (2) forming a crystalline semiconductor layer (2') in air (column 10, 
line 20 - column 1 1 , line 3). It would have been within the scope of one of ordinary skill 
in the art to combine the teachings of Funai et al. and Ghandhi with the teachings of 
Asai et al. to enable the annealing step of Funai et al. and Ghandhi et al. to be 
performed according to the teachings of Asai et al. because one of ordinary skill in the 
art at the time the invention was made would have been motivated to look to alternative 
suitable methods of performing the disclosed annealing step of Funai et al. and Ghandhi 
et al. and art recognized suitability for an intended purpose has been recognized to be 
motivation to combine. MPEP 2144.07. 
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8. Claims 31 and 35 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Funai et al. (U.S. 6,162,667) in view of Ramesh et al. (U.S. 4,795,679) as applied 
to claims 4-6, 10-12 and 16-18 above, and further in view of Hoga (U.S. 4,552,595). 

The combined teachings of Funai et al. and Ramesh et al. substantially teach all 
aspects of the invention but fail to disclose wherein the laser beam comprises doing so 
in a nitrogen atmosphere. However, Hoga (Figs.2A-2B) in a related method to form a 
crystalline semiconductor structure teaches providing a silicon substrate (11); implanting 
ions into said substrate (1 1 ), thus forming an amorphous silicon layer (12); forming a 
second amorphous silicon layer (13); and performing a heating process by applying a 
laser in a nitrogen atmosphere to form a crystalline semiconductor film (14) (column 2, 
lines 53 - 61 ). It would have been obvious to combine the teachings of Funai et al. and 
Ramesh et al. with Hoga to enable performing the heating processes of Funai et al. 
using the laser anneal process as taught by Hoga, since this would result in the 
formation of a polycrystalline region in an inert atmosphere (column 2, lines 53-61) 
with reduced impurities. It would also have been obvious to one of ordinary skill in the 
art at the time the invention was made to enable performing all of the heating process 
disclosed in the combined teachings of Funai et al., Ramesh et al. and Hoga to arrive at 
the claimed invention. 

9. Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over Funai et 
al. (U.S. 6,162,667) in view of Yoneda (U.S. 5,648,282) and Ramesh et al. (U.S. 
4,795,679) as applied to claims 7-9 above, and further in view of Hoga (U.S. 4,552,595). 
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The combined teachings of Funai et al., Yoneda and Ramesh et al. substantially 
teach all aspects of the invention but fail to disclose wherein the laser beam comprises 
doing so in a nitrogen atmosphere. However, Hoga (Figs.2A-2B) in a related method to 
form a crystalline semiconductor structure teaches providing a silicon substrate (11); 
implanting ions into said substrate (11), thus forming an amorphous silicon layer (12); 
forming a second amorphous silicon layer (13); and performing a heating process by 
applying a laser in a nitrogen atmosphere to form a crystalline semiconductor film (14) 
(column 2, lines 53 - 61 ). It would have been obvious to combine the teachings of 
Funai et al., Yoneda and Ramesh et al. with Hoga to enable performing the heating 
processes of Funai et al. using the laser anneal process as taught by Hoga, since this 
would result in the formation of a polycrystalline region in an inert atmosphere (column 
2, lines 53 - 61) with reduced impurities. It would also have been obvious to one of 
ordinary skill in the art at the time the invention was made to enable performing all of the 
heating process disclosed in the combined teachings of Funai et al., Yoneda, Ramesh 
et al. and Hoga to arrive at the claimed invention. 

10. Claim 33 is rejected under 35 U.S.C. 103(a) as being unpatentable over Funai et 
al. (U.S. 6,162,667) in view of Yoneda (U.S. 5,648,282) and Ramesh et al. (U.S. 
4,795,679) as applied to claims 7-9 above, and further in view of Asai et al. (U.S. 
5,365,875). 

The combined teachings of Funai et al. Yoneda and Ramesh et al. fail to teach 
performing the laser annealing in air. However, Asai et al. (Figs.2a-2d) in a related 
method to form a crystalline semiconductor film teach applying a laser beam to a 
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semiconductor layer (2) forming a crystalline semiconductor layer (2') in air (column 10, 
line 20 - column 1 1 , line 3). It would have been within the scope of one of ordinary skill 
in the art to combine the teachings of Funai et al., Yoneda and Ramesh et al. with the 
teachings of Asai et al. to enable the annealing step of Funai et al., Yoneda and 
Ramesh et al. to be performed according to the teachings of Asai et al. because one of 
ordinary skill in the art at the time the invention was made would have been motivated 
to look to alternative suitable methods of performing the disclosed annealing step of 
Funai et al., Yoneda and Ramesh et al. and art recognized suitability for an intended 
purpose has been recognized to be motivation to combine. MPEP 2144.07. 

Response to Arguments 

1 1 . Applicant's arguments with respect to claims 1-12 and 16-39 have been 
considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

12. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to examiner Julio J. Maldonado whose telephone number 
is (571) 272-1864. The examiner can normally be reached on Monday through Friday. 

1 3. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri, can be reached on (571) 272-1855. The fax number for this 
group is 703-872-9306 for before final submissions, 703-872-9306 for after final 
submissions and the customer service number for group 2800 is (703) 306-3329. 
Updates can be found at http://www.uspto.gov/web/info/2800.htm. 
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